Objective: To investigate the effects of low-fat stanol ester margarines on concentrations of serum carotenoids. Design: A randomized parallel double-blind study design consisting of a 4-week run-in (high-fat diet) and an 8-week experimental (low-fat, low-cholesterol diet) period. During the experimental diet period subjects consumed low-fat wood stanol ester (WSEM), vegetable oil stanol ester (VOSEM) or control (no stanol esters) margarine daily. The daily mean total stanol intake was 2.31 and 2.16 g in the WSEM and VOSEM groups, respectively. Setting: Outpatient clinical trial with free-living subjects. Subjects: Altogether, 60 hypercholesterolaemic subjects were selected for the study out of 91 originally screened. The study was completed by 55 subjects. Main outcomes measures: Serum a-and b-carotene and lycopene determined by the HPLC. Results: Serum a-carotene concentration did not change signi®cantly in either of the experimental groups, whereas b-carotene concentration decreased signi®cantly in the WSEM and VOSEM groups (P`0.01), and the change differed signi®cantly (P`0.05 and P`0.01, respectively) from that of the control group. Decrease in a+b-carotene concentration was signi®cantly greater (P`0.05) in both experimental groups than in the control group. However, the change in a-, b-or a+b-caroteneatotal cholesterol ratio did not differ signi®cantly among the groups. No signi®cant changes were found in serum lycopene or lycopeneatotal cholesterol ratio in both experimental groups. Conclusions: Low-fat stanol ester margarines appeared to have little effect on serum concentrations of a-, b-or a + b-carotene, or lycopene.
Introduction
Plant sterols have been found to reduce serum cholesterol concentrations by inhibiting the absorption of both dietary and biliary cholesterol from the small intestine (Heinemann et al, 1991; Becker et al, 1993; Gylling et al, 1997) . They may also reduce the concentrations of serum carotenoids, particularly serum b-carotene concentration (Gylling et al, 1996) . In a recently published study it was observed that plant sterol-enriched margarines reduced plasma lycopene as well as a+b-carotene concentrations, even if the changes in plasma lipid concentrations were taken into account (Weststrate & Meijer, 1998) . Reduction in serum carotenoid concentrations can be undesirable, because there are indications that carotenoids could have bene®cial effects on human health (Gerster 1993; Mayne, 1996) . The most studied carotenoid in this respect is b-carotene (Gerster 1993; Mayne, l996) .
Lycopene is one of the most abundant carotenoids in human blood and tissues; it has not been found to have a provitamin A activity, but it has been found to have antioxidant properties (Clinton, 1998) . Therefore, we investigated the effects of two low-fat margarines enriched with wood-or vegetable oil-based plant stanol esters on serum lycopene and a-and a + b-carotene concentrations as part of a low-fat diet. Results on serum lipids have been published elsewhere (Hallikainen & Uusitupa,1999) .
Methods
Subjects, study design, diets and laboratory measurements have been described in more detail elsewhere (Hallikainen & Uusitupa, 1999) .
Subjects
Altogether 60 hypercholesterolaemic subjects were selected for the study out of 9l originally screened subjects. The study was completed by 55 subjects, whose baseline characteristics are shown in Table 1 . The study protocol was approved by the Ethics Committee of the University of Kuopio and all subjects gave their written consent.
Study design
The study has carried out with a parallel double-blind study design. All subjects started the study with a 4-week run-in (high-fat diet) period. At the end of the run-in period the subjects were randomized into one of the three experimental groups: wood stanol ester margarine (WSEM), vegetable oil stanol ester margarine (VOSEM) or control margarine. After randomization the subjects followed a closely instructed, and strictly and frequently monitored low-fat, low-cholesterol diet which resembled Step 2 of the National Cholesterol Education Program (1994) for the next 8 weeks. As part of that diet the subjects consumed 25 g rapeseed oil-based low-fat margarine (Raisio Group Plc, Raisio, Finland) daily. The daily dose of the test margarines was taken in two to three portions in connection with the meals. The two test margarines contained about 31% and the control margarine about 35% absorbable fat. The theoretical daily intake of total stanol was 2.34 g (of which 2.15 g was sitostanol and 0.19 g campestanol) and 2.20 g (of which 1.50 g was sitostanol and 1.70 g campestanol) in the WSEM and VOSEM groups, respectively. The control margarine did not contain added plant stanols. The initial concentrations were almost signi®cantly different among the study groups analysed with ANOVA, and therefore the initial concentrations have been taken into account in the betweenÀgroups comparisons by dividing the response variable by the initial value *P`0.05, {P`0.01 indicate the signi®cances of the differences between the experimental study groups and the control group analysed with Student's t-test or the Mann±Whitney U-test with Bonferroni correction.
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The subjects recorded the consumption of the test margarines daily in the follow-up diaries and the adherence to the diets was monitored by a 4-day (3 weekdays and 1 weekend day) food record kept three times during the experimental period.
Laboratory measurements
Venous blood samples were obtained after a 12 h overnight fast. Enzymatic colorimetric methods were used for the determination of serum total and lipoprotein lipids using commercial kits (Monotest 1 Cholesterol and Triglyceride GPO-PAP, Boehringer Mannheim GmbH Diagnostica, Mannheim, Germany) and a Kone Speci®c Clinical Analyzer (Kone Ltd, Espoo, Finland). Serum carotenoids were obtained at the beginning and the end of the experimental diet period and were analysed at the end of the study from samples stored at À70 o C, using a high-performance liquid chromatography system (Perkin Elmer, USA) equipped with a C18 column (Nova-pak Waters, USA), and detected at 450 nm, using a Uvikon 735 LC detector (Germany) (Driskell et al, 1983; Kaplan et al 1987) .
Statistical analyses
Statistical analyses were performed with SPSS for Windows 6.0 statistics program (SPSS, Chicago, IL, USA). Values of serum carotenoids were analysed by the analyses of variance for repeated measurements (MANOVA), followed by a single-measurement simple factorial analysis of variance (ANOVA) test and Student's t-test or paired t-test, or the Kruskal±Wallis one-way ANOVA test followed by Mann±Whitney U-test. Logarithmic transformations were used when appropriate. To control the overall a level, Bonferroni adjustment was made. The results are expressed as means AE s.d.
Results
Results on baseline characteristics, intake of nutrients, changes in serum lipids and also b-carotene have been presented elsewhere (Hallikainen & Uusitupa, 1999) .
The intake of nutrients during the experimental diet periods was stable and did not differ among the three groups. The mean intakes of fat and saturated fatty acids were 25.6 ±26.5% of energy (E%) and 6.8 ±7.3 E%, respectively, in the three study groups. The mean daily intake of dietary cholesterol was 137±161 mg, achieving the goal of the Step 2 diet of the National Cholesterol Education Program (`200 mgad; National Cholesterol Education Program, 1994) . Actual daily intakes of plant stanols as mean values are presented in Table 1 .
During the experimental period serum total and LDL cholesterol decreased signi®cantly in all three groups. The net decrease in serum total cholesterol concentration was 10.6% (P`0.01) and 8.1% (P`0.05), and in LDL cholesterol 13.7% (P`0.0l) and 8.6% (P 0.072) in the WSEM and VOSEM groups, respectively, compared with the control group.
Serum b-carotene decreased signi®cantly within both experimental groups (P`0.01), but increased slightly, but non-signi®cantly, within the control group. The changes differed signi®cantly between the experimental groups and the control group. However, no signi®cant differences among the groups were found in serum b-carotene after standardization for serum total cholesterol concentration.
There were no signi®cant changes in serum a-carotene concentration or a-caroteneatotal cholesterol ratio within the WSEM and VOSEM groups (Table 1) . Within the control group that ratio decreased slightly, but statistically signi®cantly.
Serum a b-carotene concentration decreased within all groups, but only within the WSEM and VOSEM groups did the decrease reach statistical signi®cance (Table 1) , and it differed signi®cantly from that of the control group. However, there were no signi®-cant changes in serum a+b-carotene concentrations after standardization for serum total cholesterol concentration within any of the three study groups or differences in the changes among the groups. Serum lycopene and lycopeneatotal cholesterol ratio did not change signi®cantly in the experimental groups, but the ratio increased signi®cantly in the control group (Table 1) .
Discussion
In the present study the wood stanol ester margarine and the vegetable oil stanol ester margarine had only a small effect on serum concentrations of a-and b-carotene, the sum of a+b-carotene or lycopene, in particular when changes were related to the changes in serum total cholesterol concentrations. Before lipid standardization serum b-carotene concentration decreased signi®cantly; however this was not unexpected, because serum LDL-cholesterol concentrations decreased signi®cantly in the present study and in circulation carotenoids are transported in lipoproteins, mainly in the LDL fraction, but also in HDL and to a minor extent in VLDL fraction (Clevidence & Bieri, 1993) .
There are only a few studies (Gylling et al, 1996; Weststrate & Meijer, 1998; Hendriks, et al. 1999) in which the effects of plant stanols or plant sterols on serum or plasma carotenoid concentrations have been investigated. In the study of Gylling et al (1996) , after lipid standardization serum b-carotene concentration tended to decrease more in two sitostanol ester margarine (sitostanol intake 3 gad and 2 gad) groups than in the control group, whereas unstandardized and lipid standardized serum a-carotene concentration decreased similarly in all three groups. In the study of Weststrate and Meijer (1998) the plant sterol enriched margarines (sterol intake 1.5±3.3 gad) also signi®cantly decreased lipid standardized plasma a b-carotene concentrations. Moreover, Hendriks et al (1999) found that the daily dose of 0.83 and 3.24 g plant sterols decreased lipid standardized plasma a b-carotene more than the 1.61 g daily dose. The effects of plant sterols and plant stanols on plasma lycopene concentrations were smaller than the effects on plasma carotenes (Weststrate & Meijer, 1998; Hendriks et al, 1999) . In particular, the results of Hendriks et al (1999) indicate that other factors, i.e. nutrient density of background diet, could affect the¯uc-tuations of serum carotenoid concentrations rather than the dose of plant stanol or plant sterol.
The differences between our ®ndings and the ®ndings of Gylling et al (l996), Weststrate & Meijer (1998) and Hendriks et al (1999) might be due to the differences in composition of background diets during the studies. In our study subjects received detailed written and oral instructions about the low-fat (high-nutrient density) diets, specifying amounts and quality of food by main food groups, including vegetables. The background diets in other studies were not so closely standardized since only the consumption Elevated serum cholesterol concentrations MA Hallikainen et al of the test margarines was instructed and subjects followed their habitual, moderate-fat or high-fat diet. One reason for divergent results could be a seasonal variation in the intakes of carotenoids. However, according to earlier studies there is only a weak correlation between lycopene intake and serum lycopene concentration (Campbell et al, 1996; Clinton 1998) .
According to our ®ndings the effects of plant sterols on serum carotenoid concentrations were minor and clinically non-important, but additional studies will be needed to determine the long-term effects of plant sterols on serum carotenoid pro®le. At the moment, it seems to be reasonable to advise healthy food rich in vegetables for people using stanol ester margarine to reduce elevated serum cholesterol concentrations.
